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$G$ Lie , $H$ $G$ $k$ $\sigma$ , $G_{o}^{\sigma}\subset H\subset G^{\sigma}(G^{\sigma}$
$\sigma$ , $G_{o}^{\sigma}$ ) , $(G/H,\sigma)$ $k$-
$(G/H, \sigma)$ $G$ $k$- $H$ $G$ $\tau$
$k=2$ $((G/H, \sigma)$ ) $\tau$ $\sigma$ $G$ $\tau$
: $\mathfrak{g},$ $\mathfrak{h}$ $G$ ,
$H$ Lie
$\mathfrak{g}=\mathfrak{h}+\mathfrak{m},$ $\mathfrak{g}=l+\mathfrak{p}$
$\sigma,$ $\tau$ $\mathfrak{g}$ $\tau$ $\sigma$ $\mathfrak{h}=\mathfrak{h}\cap t+\mathfrak{h}\cap \mathfrak{p}$
$(\mathfrak{g}^{*}, \mathfrak{h}^{*})=(t+\sqrt{-1}\mathfrak{p}, \mathfrak{h}\cap t+\sqrt{-1}(\mathfrak{h}\cap \mathfrak{p}))$
$(\mathfrak{g}^{*}, \sigma^{*})$ $\sigma^{*}$ Cartan $\tau^{*}$
$\mathfrak{g}^{*}=f+\mathfrak{p}^{*}$ Cartan $\mathfrak{g}$ $\mathfrak{h}^{*}$ $\sigma^{*}$
$\mathfrak{h}^{*}=\mathfrak{h}^{r}\cap f+\mathfrak{h}^{*}\cap \mathfrak{p}^{*}$
$(\mathfrak{g}, \mathfrak{h}),$ $\mathfrak{h}:=\mathfrak{h}^{*}\cap t+\sqrt{-1}(\mathfrak{h}^{*}\cap \mathfrak{p}^{*})$





$(G/H, \sigma)$ $H$ $G$ $\tau$
$\tau 0\sigma 0\tau^{-1}=\sigma$ $\sigma^{-1}$
$\tau\circ\sigma\circ\tau^{-1}=\sigma$ ( $\tau$ $\sigma$ ) $k=2$
$(\sigma,\tau)$
([15]) $r\circ\sigma\circ\tau^{-1}=\sigma^{-1}$ $(\sigma, \tau)$
$(G/H, \langle, \rangle, \sigma)$ ((, $\rangle$ $G$ )
([12], [13])
$k$- $G/H$ $H$ $\tau$
$k=3$ $H$ $G/H$
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$(G/H, \sigma)$ 4 $H$ 1
$H$ $G$ $\tau$
$\tau 0\sigma 0\tau^{-1}=\sigma$ $\sigma^{-1}$
$H$ $0$ $H$ 1 $H$ $G$
torus $H$ $\tau$ $H$
1 $\tau\circ\sigma\circ\tau^{-1}=\sigma^{-1}$ $k=3$ ([12]) Lie $H$
$0$ $\tau\circ\sigma\circ\tau^{-1}=\sigma^{-1}$ $k=3$ ([13]) Lie
2.
$\mathfrak{g}$ Lie $t$ Lie $\mathfrak{g}$ $g_{c}$ $t_{c}$
$\Delta(g_{c}, t_{c})$ $\Delta(g_{c}, t_{c})$ 1 $\Pi(\mathfrak{g}_{c}, t_{c})=\{\alpha_{1}, \cdots\alpha_{n}\}$ $K_{i}\in t_{c}$
$(1\leq i\leq n)$
$\alpha_{j}(K_{i})=\delta_{ij}$ .
$\tau$ $\mathfrak{g}$ $m$ ([3], [6] )
2.1 $\delta=\sum_{i=1}^{n}m_{t}\alpha_{1}$ $\Delta(\mathfrak{g}_{c}, t_{c})$ $\Pi(\mathfrak{g}_{c}, t_{c})=\{\alpha_{1}, \cdots\alpha_{n}\}$
$\tau$ ( $Aut(\mathfrak{g})$
$Ad(\exp\frac{2\pi}{m}\sqrt{-1}\sum_{i=1}^{n}s_{i}K_{i})$
so, $s_{1},$ $\cdots s_{n}$ 1 $m= \sum_{1=0}^{\mathfrak{n}}s_{i}m_{i}$ (
$m_{0}=1$ )
$m=3,4$ [15], [5]




(2) 4 $\tau$ Int(g) $Ad(\exp_{f}^{\pi}\sqrt{-1}h)$ $h\in t_{c}$
: .
$K_{i},$ $m:=1,2,3,4$,
$K_{1}+K_{j}$ , $(m_{i},m_{j})=(1,1),$ $(1,2),$ $(2,2)$ ,
$K_{1}+K_{j}+K_{k},$ $m_{i}=m_{j}=m_{k}=1$ ,
$2K_{1}+K_{j},$ $m_{1}=m_{j}=1$ .
22 (1) { $h=K_{1},$ $m_{1}=1$ $(\mathfrak{g}, \mathfrak{g}^{\tau})$
22 (2) $h=K_{i},$ $m_{t}=1$ $(g, \mathfrak{g}^{\tau})$





Lie $\mathfrak{g}^{*}$ $\nu$ gmdation $\mathfrak{g}_{p}^{*}(-\nu\leq p\leq\nu)$
$\mathfrak{g}^{*}=\mathfrak{g}_{-\nu}^{*}+\cdots+\mathfrak{g}_{0}^{*}+\cdots+\mathfrak{g}_{\nu}^{*}$
$[g_{p}^{*},\mathfrak{g}_{q}^{r}]\subset g_{p+q}^{*}$ $(\mathfrak{g}_{\nu}^{t}\neq\{0\})$ .
$Z\in g^{*}$ ( $Z$ )
$ad(Z)|_{g_{p}^{*}}=p\cdot Id_{g_{p}}\cdot$ .
$\tau$ $\mathfrak{g}^{*}$ Cartan $\mathfrak{g}^{*}=t+\mathfrak{p}$ $\tau$ Cartan ($t$ Lie $\mathfrak{p}$
) $a$ $\mathfrak{p}$ $\Pi;=\{\lambda_{1}, \cdots\lambda_{l}\}$ $a$ 1
$\Pi$ $\Pi_{i}$ $(i=0,1, \cdots , n)$
$\Pi=\bigcup_{i=0}^{n}\Pi$: (disjoint union), $\Pi_{1}\neq\emptyset$ , $\Pi_{n}\neq\emptyset$
$(\Pi_{0}, \cdots\Pi_{n})$ $\Pi$ partition
$\Pi$ 2 partition $(\Pi_{0}, \cdots\Pi_{n}),$ $(\Pi_{0}’, \cdots\Pi_{m}’)$ $m=n$ $\Pi$ Dyhkin
$\Pi_{i}$ $\Pi_{i}’(0\leq i\leq n)$
3.1 $(|8])\mathfrak{g}^{*}$ gradation $\Pi$ partition 1
1
31 1 1 : $(\Pi_{0}, \cdots , \Pi_{n})$ $\Pi$ partition
$\lambda=\sum_{i=1}^{l}m_{1}\lambda_{i}$
$h_{\Pi}( \lambda)=\sum_{:\lambda\in\Pi_{1}}m_{i}+2\sum_{\lambda_{j}\in\Pi_{2}}m_{j}+\cdots+n\sum_{\lambda_{k\in\Pi_{n}}}m_{k}$
$Z\in a$ $\lambda(Z)=h_{n}(\lambda)$ 31 1 1 ($\Pi_{0},$ $\cdots$ , \Pi
$Z$ characteristic element gradation
4. 3-
$(G/H,\sigma)$ $g,$ $\mathfrak{h}$ 1 $G,$ $H$ Lie
$\mathfrak{g}=\mathfrak{h}+\mathfrak{m}$ Ad(H)- $\sigma$- $\mathfrak{m}$ $G/H$ $0=\{H\}$ $T_{o}(G/H)$
$-\Re- t\text{ _{ }}\mathfrak{m}$ $SC$ $aMJk$
$\sigma|_{m}=-\frac{1}{2}Id_{m}+\frac{\sqrt{3}}{2}J$
$J$ $m$ Ad(H)- $J$ $G/H$
$G$- ( $J$ ) $J$ $G/H$ ([2])
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$G/H$ $H$ $0$ ( 22(1) $h=K_{i}$ , $K_{j}+K_{k},$ $m_{i}=2$ ,
$m_{j}=m_{k}=1$ , ) $H$ $G$
$G/H$ $G$-
4.1 (1) $I$ $G/H$ $G$- 9 $\varphi$ $\varphi|_{\mathfrak{h}}=Id_{\mathfrak{h}},$ $\varphi|_{m}$ $:=I$ o
$\varphi$ $g$ involutive automorphism}
(2) $\varphi$ $\mathfrak{g}$ involution $\varphi|_{\mathfrak{h}}=Id_{\mathfrak{h}}$ $\mathfrak{m}$ $I:=-\varphi\circ J$
$G/H$ $G$-
( [12] ) : $\mathfrak{g}^{s}$ Lie
$\mathfrak{g}^{*}=\mathfrak{g}_{-2}^{*}+\mathfrak{g}_{-1}^{*}+\mathfrak{g}_{0}^{*}+\mathfrak{g}_{1}^{*}+g_{2}^{*}$




$:=f+\sqrt{-1}\mathfrak{p}$ ($\mathfrak{g}^{*}$ ) 3 $G$ $\mathfrak{g}$ Lie
Lie $H$ $\mathfrak{h}:=\mathfrak{g}^{\sigma}$ $G^{\ovalbox{\tt\small REJECT}}$ analytic Lie $K$
$f$ $G$ analytic Lie $\langle, \rangle$ $G$ $G/H$
$4.2([12])$ $(G/H, <, >, \sigma)$ $H$ $0$
$K\cdot 0$
42 $K$ $G$ ( Cartan ) $\tau$
$\tau\circ\sigma\circ\tau^{-1}=\sigma^{-.1}$ $(G/H, \langle, \rangle,\sigma)$
$\tau\circ\sigma\circ\tau^{-1}=\sigma^{-1}$ $G$ $\tau$ $G^{\tau}\cdot 0$ $J$
([13])
$(G/H, <, >, \sigma)$ $H$ $0$ ( $\langle, \rangle$ $G$
) $I$ $G/H$ $G$- 4.1 [12]
4.3 $I$ $(G/H, \langle, \rangle, \sigma)$ $J$
( )
5.
$(G/H, \langle, \rangle, \sigma)$ 4 $H$ $0$
$G/H$ $G$- $I$
$\mathfrak{g}^{*}$ Lie $\mathfrak{g}^{*}=\mathfrak{t}+\mathfrak{p}$ Cartan $\tau$ Cartan
$\mathfrak{g}^{*}=\mathfrak{g}_{-2}^{*}+\mathfrak{g}_{-1}^{l}+\mathfrak{g}_{0}^{*}+\mathfrak{g}_{1}^{*}+\mathfrak{g}_{2}^{*}$ , $\mathfrak{g}_{1}^{*}\neq\{0\},$ $g_{2}^{*}\neq\{0\}$ ,
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3 1 3 1 $3\subset \mathfrak{p}$ $(\mathfrak{g}^{*}, \theta)$
noncompactly causal $X^{0}\in \mathfrak{p}_{\epsilon}\cap \mathfrak{p}$ ( [4]) :
$Spec(adX^{0})=\{-1,0,1\},$ $\mathbb{R}X^{0}=t$ .
$\mathfrak{g}:=t+\sqrt{-1}\mathfrak{p}$ ( ) 3 $\sigma$
$\sigma:=Ad(\exp\frac{2\pi}{3}\sqrt{-1}Z)$
$\mathfrak{h}=g^{\sigma}$ dim3 $=0$ dim3 $=1$ $(\mathfrak{g}^{*}, \theta)$ noncompactly causal
$\mathfrak{g}$ $\varphi 0$
$\varphi 0:=Ad(\exp\pi\sqrt{-1}Z)$
dim3 $=1$ $(\mathfrak{g}^{*}, \theta)$ noncompactly causal $g$ $\varphi 0,$ $\varphi\pm$
$\varphi 0:=Ad(\exp\pi\sqrt{-1}Z),$ $\varphi\pm:=Ad(\exp\frac{\pi}{2}\sqrt{-1}(Z\pm X^{0}))$
$G,$ $H$ $\mathfrak{g},$ $\mathfrak{h}$ Lie Lie $J$ $\sigma$ $G/H$
$I_{0}:=\varphi 0^{oj}$, $I_{\pm}:=\varphi\pm oJ$
$I_{0},$ $I\pm$ $G/H$ $G$- $G/H$ G\vee
$N$ $:=\exp t\cdot 0\subset G/H$ $(G/H, \langle, \rangle, \sigma)(\langle, \rangle$ $G$
) $I_{0},$ $I\pm$ 42
$\varphi_{0}(t)=\varphi\pm(t)=\mathfrak{t}$ 43
(Lie )3 $\mathfrak{g}^{*}=\sum_{r---2}^{2}g_{p}^{*}$ $0$ 1
dim3 $=1$ $(\mathfrak{g}^{*}, \theta)$ noncompactly causal
51 $(G/H, \langle, \rangle, \sigma)$ $G$ $\langle, \rangle$ $G$
$H$ $0$ $G/H$ $G$- $I$ $I$






















$G$ Lie $\sigma$ $G$ 4 4
$(G/H, \sigma)$ $H$ $G$ $\tau$ $\sigma$ $g$ Lie
$t$ $t\subset \mathfrak{h}$ $t$ 1
61 $\sigma$ 22(2)
$Ad(\exp\frac{\pi}{2}\sqrt{-1}h)$ , $h=K_{i}(m_{1}=3,4)$ , $K_{j}+K_{k}(m_{j}=m_{k}=2)$
$H$ $G$ $\tau$ $\tau 0\sigma 0\tau^{-1}=\sigma$ $\sigma^{-1}$
$\sigma=Ad(\exp_{7}^{\pi}\sqrt{-1}K_{i})$ ($m=3$ 4) $-\alpha_{0}$ $\Delta(\mathfrak{g}_{c}, t_{c})$ 1
$\Pi=\{\alpha_{1}, \cdots\alpha_{\mathfrak{n}}\}$ $\mathfrak{h}_{c}$ $t_{c}$ 1
$\Pi(\mathfrak{h})$ ( [3] Chapter X, Theorem 5.15) :
$\Pi(\mathfrak{h})=\{\begin{array}{ll}\Pi(\mathfrak{g}_{c},t_{c})\backslash \{\alpha_{i}\} ( m_{i}=3 \text{ })\Pi(t)\cup\{\alpha_{0}\}\backslash \{\alpha_{i}\} ( m=4 \text{ })\end{array}$
6.2 $\tau$ $H$ $G$ $\mu 0\tau 0\mu^{-1}(\Pi(\mathfrak{h}))=\Pi(\mathfrak{h})$ $\mu\in Int(\mathfrak{h})$
62 $(\mathfrak{h},\tau)$
Lie $\tau$ $g^{*}$ Lie
4
$\mathfrak{g}^{*}=\mathfrak{g}_{-\nu}^{*}+\cdots+\mathfrak{g}_{0}^{*}+\cdots+\mathfrak{g}_{\nu}^{*},$ $g_{1}^{*}\neq\{0\},$ $\mathfrak{g}_{\nu}^{*}\neq\{0\}$
$\tilde{\tau}$ $grad\triangleright reversing$ Cartan $\nu$ Lie ( $\nu=3$ 4 )
$Z$
$\sigma=Ad(\exp\frac{\pi}{2}\sqrt{-1}Z)$
$\mathfrak{g}$ ( ) 4 $\tilde{\tau}\circ\sigma\circ\tilde{\tau}^{-1}=\sigma^{-1}$ $\tilde{\tau}$
$grad\triangleright reversing$ Cartan ( $\tilde{\tau}(Z)=-Z$) 6.2




$\Pi(\mathfrak{h})$ Dynkin ( $\oplus$ ) :
$\alpha_{0}\alpha_{l}\alpha_{4}r_{\alpha_{1}\alpha_{2}}\oplus-0$
62 $\tau|\mathcal{O}$ 2 :
(i) $\tau|_{t}=Id_{t}$ . $\tau=Ad(\exp\sqrt{-1}h),$ $\sqrt{-1}h\in t$
90
(ii) $\tau(\alpha_{0})=\alpha_{2},$ $\tau(\alpha_{i})=\alpha\iota,$ $i=1,4$. $\tau\circ\sigma\circ\tau^{-1}=\sigma^{-1}$
(i) $\tau 0\sigma 0\tau^{-1}=\sigma$ (ii) $\mathfrak{g}^{*}=\int_{4(4)}$ ( $f_{4}c$ )
4 gradation $K_{3}$ $\tau^{\Pi}$ $\tau_{4}^{\Pi}$
$\tau_{4}^{\Pi}\circ\sigma\circ\tau_{4}^{\Pi}=\sigma^{-1}-1$
$\tau_{4}^{\Pi}$ (ii)
(ii) $\mathfrak{g}$ $\tau$ $\tau|_{t}=\tau_{4}^{\Pi}|_{t}$
$\tau=\tau_{4}^{p}\circ Ad(\exp\sqrt{-1}h)$ , $\sqrt{-1}h\in \mathfrak{t}$
$\tau|_{t}\neq Id_{t}$ $\tau\circ\sigma\circ\tau^{-1}=\sigma$ ( $c_{6}$ $e\tau$ 1 )
Dynkin ($e_{6}$ ) Dynkin ( $c_{7}$ )
$\tau$
( ) $\tau$ $Aut_{\mathfrak{h}}(\mathfrak{g})(\mathfrak{h}$ $\mathfrak{g}$
) $\tau$
6.3 $(G/H, \sigma)$ $G$ Lie $\sigma=Ad(\exp_{2}^{\pi}\sqrt{-1}K_{i}),$ $m_{1}=3$ 4
4 $\tau$ $H$ $G$ $Aut_{\mathfrak{h}}(\mathfrak{g})$ $\tau$
Table 3\sim 6 $\tau$
$\sqrt{-1}h\in t$
$\tau_{h}$ $:=Ad(\exp\pi\sqrt{-1}h)$
Table 4 $\alpha_{j}\in\Pi(\mathfrak{g}_{c}, t_{c})$ $a$
Table 3. $\sigma=Ad(\exp\frac{\pi}{2}\sqrt{-1}K_{i}),$ $m\iota=4,$ $\tau\circ\sigma\circ\tau^{-1}=\sigma^{-1},$ $C=\mathfrak{g}^{r}$ .
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$\ovalbox{\tt\small REJECT}\tau_{1}^{\Pi}:E_{\alpha_{1}}--E_{\alpha_{1}},$$E_{\alpha_{2^{-\rangle}}}E_{\alpha_{0)}}E_{a_{S}}-c_{1}E_{\beta_{1}},$ $E_{\alpha_{4 }-E_{\alpha\epsilon},$ $E_{\alpha_{6}}-E_{\alpha\gamma ,$ $E_{\alpha \mathfrak{g}^{1arrow}}-E_{\alpha_{6}}$ ,
$(\beta_{1}=\alpha_{1}+2\alpha_{2}+3\alpha_{3}+4\alpha_{4}+3\alpha_{5}+2\alpha_{6}+\alpha_{7})$
$\tau_{2}^{\Pi}$ : $E_{\alpha_{1}}-\rangle$ $-E_{\alpha_{1}},$ $E_{\alpha_{2}}\mapsto E_{\alpha_{6}},$ $E_{\alpha_{3}}rightarrow-E_{\alpha_{3}},$ $E_{\alpha_{4}}rightarrow-E_{\alpha_{4}},$ $E_{\alpha_{\text{ }}}rightarrow c_{2}E_{\beta_{2}},$ $E_{\alpha\tau}\mapsto E_{\alpha_{0}}$ ,
$E_{\alpha_{8}}rightarrow-E_{\alpha_{8}},$ $(\beta_{2}=\alpha_{1}+\alpha_{2}+2\alpha_{3}+3\alpha_{4}+3\alpha_{6}+3\alpha_{6}+2\alpha_{7}+\alpha_{8})$
$\tau_{3}^{\Pi}$ : $E_{\alpha}\mapsto-E_{\alpha_{1}},$ $E_{\alpha_{2}}rightarrow-E_{\alpha_{2}},$ $E_{\alpha_{S}}\mapsto E_{\alpha 0},$ $E_{\alpha\alpha}-\rangle$ $c_{3}E\rho_{S},$ $E_{\alpha_{6}}rightarrow E_{\alpha\tau},$ $E_{\alpha_{6}}rightarrow-E_{\alpha_{6}}$ ,
$(\beta_{3}=\alpha_{1}+\alpha_{2}+2\alpha_{3}+3\alpha_{4}+2\alpha_{5}+\alpha_{6})$
$\tau_{4}^{\pi}$ . $E_{\alpha_{1}}rightarrow-E_{\alpha_{1}},$ $E_{a_{2}^{I}}arrow E_{\alpha_{0}},$ $E_{\alpha s}rightarrow c_{4}E\rho_{s},$ $E_{\alpha_{4}}rightarrow-E_{\alpha_{4}},$ $(\beta_{4}=\alpha_{1}+2\alpha_{2}+3\alpha_{3}+\alpha_{4})$
where $c_{1}(i=1,2,3,4)$ is some complex number with $|c_{i}|=1$ .
Table 4. $\sigma=Ad(\exp_{2}^{g}\sqrt{-1}K_{j}),$ $m:=3,$ $\tau 0\sigma 0\tau^{-1}=\sigma^{-1},$ $t=9^{r}$ .
( $\tau$ $\mathfrak{g}’$ Cartan $K_{i}$ partition
$\Pi=\Pi_{0}\cup\Pi_{1}$ gradation $Z$ .)
Table 5. $\sigma=Ad(\exp\frac{\pi}{2}\sqrt{-}K_{i}),$ $m_{1}=4,$ $\tau 0\sigma 0\tau^{-1}=\sigma,$ $t=f^{\tau}$ .
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Table 6. $\sigma=Ad(\exp\frac{\pi}{2}\sqrt{-1}K_{1}),$ $m_{i}=3,$ $\tau 0\sigma\circ\tau^{-1}=\sigma,$ $t=9^{\tau}$ .
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